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Abstract

The individual parameters of the sum of intervertebral disc dimensions of the lumbar spine in norm in girls
and women of first mature age were investigated on the basis of modeling. The simulations were performed by
determining the relative proportional nonlinear somato-vertebral value (based on body length and body weight)
and determining the total size of the sagittal and transverse dimensions of the intervertebral discs of the lumbar
spine for each individual. Comparison of the sum of the measured indicators of vertical, sagittal and transverse
dimensions of the intervertebral discs of the lumbar spine and the indicators obtained in mathematical modeling
was performed with the obtained data.
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In medical practice, objective linear indicators of height, sagittal and transverse dimensions of
intervertebral discs are practically not used as criteria for assessing their deviation from the norm.
Existing normative parameters of linear dimensions of individual intervertebral discs are found only in
single scientific papers and are not widely used in medical practice [1, 2]. Thus, the method of
estimating the partial size of the intervertebral discs of the lumbar spine [3], involves calculating the
average values of the size of the intervertebral discs without taking into account gender differences
and individual anthropometric data. Determining relative indicators is the only way to take into
account the individual characteristics of each human body, which makes it possible to more clearly
judge the presence of the norm, or the beginning of the development of pathological changes [4, 5].
They provide an assessment of only the sagittal and transverse dimensions and do not take into
account the height of the intervertebral disc, which is key in diagnosing the severity of pathological
changes in the intervertebral disc [6, 7].

The simulations were performed by determining the relative proportional nonlinear somato-
vertebral value (based on body length and body weight) and determining the total size of the sagittal
and transverse dimensions of the intervertebral discs of the lumbar spine for each individual in girls
and women of first mature age (16-26 years) ). Comparison of the sum of the measured indicators of
vertical, sagittal and transverse dimensions of the intervertebral discs of the lumbar spine and the
indicators obtained in mathematical modeling was performed with the obtained data.

Drawing up an optimal regression polynomial in terms of predictability, number of variables and
the possibility of logical verbal interpretation is the main task of the study. Dependent variables are the
parameters of the intervertebral disc (sum of linear dimensions). When constructing the dependence of
the sum of the linear dimensions of the intervertebral discs between Li-L, lumbar segments on the
mass-growth ratio with a 95% interval, it is possible to predict within 76 out of 80 cases within these
limits of reliability. When constructing the dependence of the relative value of the mass-growth ratio
to the unit of the total length of the three sizes of intervertebral discs Lo-Ls, Ls-La, Ls-Ls lumbar
segments from the mass-growth ratio with 99% interval it is possible to predict within these



probability 77 cases out of 80 .

When constructing the dependence of the relative value of the mass-growth ratio of the unit of total
length of the three sizes of intervertebral discs D2, Ds, D4 from the mass-growth ratio to the unit of
total length of the three sizes of intervertebral discs Li-Ls lumbar segments from the mass-growth ratio
of 99% predict within these probabilities 76 cases out of 80.

The task is carried out by the method, which consists in determining the sum of three sizes of
intervertebral discs Li-Ls segments of the lumbar spine in normon the basis of the value of mass-
growth ratio, including preliminary construction of a regression model of relative proportional mass-
growth ratio per unit length of three dimensions intervertebral D, disc between 1 and 2 lumbar
vertebra, D disc between 2 and 3 lumbar vertebra, Ds disc between 3 and 4 lumbar vertebra, D4disc
between 4 and 5 lumbar vertebra. The simulations were performed by determining the relative
proportional nonlinear somato-intervertebral value based on the mass-growth ratio for each individual
in the norm.

The coefficient of determination R2 above 80.4% predicts the expected dependent variable. The
standard estimation error is a measure of the scattering of values, in this case 0.165. With this number
of observations, the critical F is equal to 2.66. In our case, F is from 189.7 to 299.1, which is much
more than the critical (calculated) value, on the basis of which the regression linear polynomial is
significant (p <0.000001).

Verification of the adequacy of the regression model was determined by analyzing the difference
between the prognostic and actual values of the relative parameter in each examined individual. The
maximum relative deviations are generally not more than 10%.

Further algebraic transformation of the obtained equations of proportions to determine the value of
the sum of three linear dimensions for each intervertebral disc in segments Li-Ls is normal from the
values of mass and body length.

Thus, after converting the total sum of linear dimensions to the left part of the equation we obtain
the following final results:

SD; =K/ (7,238+0,064*m-4,005*H) + 10 %;SD, =K/ (7,096+0,058*m-3,854*H) £ 10 %j;

SDs =K/(6,816+0,055*m-3,715*H) £ 10 %;SD4 =K/ (6,361+0,055*m-3,559*H) £ 10 %, where:

SD; - the sum of the linear dimensions D; of the intervertebral disc in the norm (MRI
measurement) in cm; SD; - the sum of the linear dimensions D, (cm); SDs - the sum of the linear
dimensions D3z (cm); SD4 - the sum of the linear dimensions of D4 (cm); K - mass-growth ratio (kg /
m); m - body weight (kg); H - growth (m).

The simulation is performed by determining the relative proportional somato-intervertebral values
based on the mass-growth ratio and determining the total value of the three linear sizes of individual
intervertebral discs Li-Ls segments in the norm for each individual. The standard error for these
models is + 5.0%. The developed mathematical models based on step-by-step regression analysis and
algebraic transformations of proportions allow to determine the sum of standard MRI sizes D1, Dy, D3
and D4 of intervertebral discs Li-Ls segments in the norm on the basis of anthropometric methods
available in practical medicine - determination of body and length further obtaining a relative mass-
growth rate.

Most of the predicted sums of the linear dimensions of the intervertebral discs between the lumbar
vertebrae obtained by MRI examination do not differ by more than 10%. The general trend of the
defined individual indicators is to reduce the range of linear parameters studied, it can be argued that
the individual ranges of the norm are within + 10%.

The use of the proposed approach makes it possible to conduct a direct prognostic assessment of
the total value of standard linear MRI of the intervertebral disc between the lumbar vertebrae to
diagnose early stages of intervertebral disc disease in MRI and CT examined.
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MOJAEJIOBAHHA IHAUBIAYAJIBHUX ITAPAMETPIB CYMU PO3MIPIB
MIKXPEBIEBUX JUCKIB ITIOIIEPEKOBOI'O BIIJAIJTY XPEBTA B HOPMI Y
JIBYAT TA KIHOK IIEPIIOI'O 3PUUIOT'O BIKY

AHoTalisn

Ha ocHOBi MopmenroBaHHS IOCIHIIPKEHO IHAWBIMyaNbHI MapaMeTpy CyMH PO3MIpiB MiKXpPeOIEBHX IHCKiB
TIONIEPEKOBOT0 BiIUTYy XpeOTa B HOPMi y IiBYAT Ta KIHOK MEPIIOro 3pijoro BiKy. MopaeTroBaHHS POBOIFIIH
Yyepe3 BU3HAUCHHS BiJHOCHOI MPOMOPIIIHHOI HETiHIIHOI coMaTo-BepTeOpanbHOI BEIMIHHHU (HA OCHOBI JOBXHHU
Ti]a Ta MacH TiJla) Ta BU3HAYCHHS CYMapHOI BEIWYHWHHU PO3MIpIB CaTiTABHOTO Ta IIOEPEYHOTO pPO3MIipiB
MDKXpEOIIeBUX JUCKIB TMOMEPEKOBOr0 BTy XpeOTa A KOXHOTO KOHKPETHOTO iHmuBimyyma. [lopiBHSIHHS
CYMH BUMIpSHUX TTOKa3HMKIB BEPTHUKAJIFHOTO, CATITAIBHOTO Ta TONEPEYHOr0 PO3MIpiB MIKXPEOLEBHX JHCKIB
TIONIEPEKOBOr0 BiJUILTy XpeOTa Ta MOKa3HWKIB OTPHMAaHHX NPH MaTeMaTHYHOMY MOJENIOBAHHI TPOBOAWMIH 3
OTPUMaHNUMH JJAHUMH.
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Karo4oBi cinoBa: MopenmoBaHHS, IHIMBIMyalbHI IMapamMeTpu, MDKXpeONeBHil HCK, JiBUaTta Ta >KIHKH
TIepIIOro 3pijoro BiKYy.
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